Abstract-The dynamic response analysis to simulate the complicated working condition can ensure the high reliability of space products' design. In this paper, we focus on the solar array of a satellite, and gain equivalent mechanical parameters of its internal honeycomb panel's construction. We build an accurate finite element model, and perform modal analysis and frequency response analysis as well. By contrast, the simulation data matches experimental results well, which provides important reference for subsequent structure optimization and improvement.
INTRODUCTION
Owing to the large span, light weight, weak structural damping and low connection stiffness of solar array, its mechanical properties are very complicated. The dynamics response of solar array is very important in the normal operation of satellites. Therefore, the dynamic response analysis is required to ensure the high reliability of aerospace product [16] . Currently, there is a large amount of composite material in the aerospace field. Finite element modeling of composite materials is critical to the accuracy of simulation results. The exact modeling method can make the results of the simulation analysis and the experiment within the given margin of error. Meanwhile, it also can ensure the mechanical performance of the product to meet the design requirement.
This paper studies the solar array of a certain type of satellite, and builds the finite element modeling of its composite components. The modal analysis and frequency response analysis are carried out using aerospace general simulation software named MSC. Nastran. This kind of analysis method provides an important basis for the structural design and improvement of the solar array.
II. ESTABLISHMENT OF FINITE ELEMENT MODEL OF THE SOLAR ARRAY
The solar array is mainly composed of three battery panels connected by stents. The battery panels are interconnected by hinges. The main part of solar array plate is the honeycomb sandwich plate surrounded by carbon fiber borders. The honeycomb sandwich panel structure is usually composed of upper and lower two high-strength skin surface and intermediate honeycomb sandwich layer. The surface is made of carbon fiber composite materials. The structure of sandwich layer is aluminum honeycomb. Figure 1 shows the internal structure of the honeycomb panel, and figure 2 shows the true structure of aluminum honeycomb. There are two parts in the simulation analysis of honeycomb sandwich structure by software of finite element, the first part is the finite element modeling of the structure of sandwich aluminum honeycomb, the other part is finite element modeling of the upper and lower carbon fiber composite panel.
A. Equivalent method of sandwich aluminum honeycomb
Because there is no cell library of the honeycomb structure in MSC. Nastran software of aerospace general simulation analysis, we need consider the equivalent mechanical model of aluminum honeycomb. For hexagonal honeycomb panel, the analysis of the solar array uses sandwich panel theory that makes The aluminum honeycomb sandwich layer equivalent to a homogeneous thickness of the orthotropic layer [2, 6] . And for hexagonal honeycomb panel, the equivalent elastic parameters are expressed as formula (1) - (4) 
2 3 e t l (4) where, t -thickness of the honeycomb cell panels;
l -length of the honeycomb cell panels;
-density of aluminum honeycomb material;
E -elastic modulus of aluminum honeycomb material;
G -shear modulus of aluminum honeycomb material; -Poisson's ratio; -correction coefficient, generally take 0.4 ~ 0.6.;
, , As shown above, we use 4x4 gap carbon fiber grid to overlay layer for area A of the panel body. There are four grid encryption areas on the board where area B uses transverse carbon fiber encryption, that is the 4 × 1 gap carbon fiber grid pavement. We encrypt area C whose gaps are also 4 × 1 carbon fiber grids by vertical carbon fiber. Meanwhile, BC is the area where B and C are superimposed.
The so-called carbon fiber grid is covered by a width of 2mm fiber. For the 4 × 4 gap carbon fiber grid of area A shown in figure 4 , the center distance of each fiber is 6 mm, and area A is overlaid staggered layer in 0 ° and 90 ° directions. In the finite element analysis software, the modeling for carbon fiber grid according to the actual fishing net is unrealistic, so homogeneous constant thickness anisotropic layers are used instead generally. For 4 × 4 gap carbon fiber grid, if the thickness of a layer of carbon fiber grid is 0.1mm, we need to flatten each carbon fiber filament equivalently, and to fill the 4mm space with a 2mm wide carbon fiber filament in order to be equivalent to an equal thickness of anisotropic fiber layer. The total volume of each layer of carbon fiber yarn is unchanged in order to ensure the mechanical properties of the panel unchanged. In this case, the thickness of the anisotropic fibrous layer is equivalent to 1/3 that of per fiber filament, that's 0.03mm.
In the same way, for 4 × 1 gap carbon fiber grid, the width of the gap in the direction of encryption is 1mm which means the 1mm space should be filled with a 2mm wide carbon fiber filament. The equivalent layer thickness is 2/3 that of per carbon fiber filament. That's to say the thickness in the direction of encryption is 0.06mm. However, the width of gap is still 4mm in non-encrypted direction, and the equivalent thickness of the layer is 0.03mm. Take area B for example, the X direction is defined as 0°. The comparison between pavement of actual carbon fiber panel and modeling of simulation analysis are as shown in table I. 
C. Establishment of finite element model of complete machine
Since the solar wings mounted on the stars are two symmetrical structures relative to the stars, so we carry out finite element simulation analysis for the single wing, and the compression points of the brackets and three solar arrays are used as a fixed constraint boundary condition. Figure 5 is a finite element model of the single wing solar array. The solar array is mainly composed of three battery panels connected by a bracket. The battery panels are interconnected by hinges. The main body of battery plate is a honeycomb sandwich panel surrounded by carbon fiber borders.
In the process of modeling the sandwich aluminum honeycomb panel, there is no cell library of the honeycomb structure, so we adopt its equivalent mechanical model. The dynamics analysis of solar array utilizes sandwich panel theory to carry out modeling and simulation analysis according to the equivalent parameters calculated by the formula (1) -(4) as the total mass of the sandwich plate unchanged [3, [10] [11] [12] .
Because the finite element analysis software replaces the carbon fiber grid by homogenous constant-thickness anisotropic layer, during the modeling of the panel, the PCOMPG card is used to define the upper and lower carbon fiber composite panels' structure of the whole windsurf by using MSC.NASTRAN.
III. COMPARISON BETWEEN THE MODAL ANALYSIS AND THE EXPERIMENT OF SOLAR ARRAY
Once the natural frequency of the machine or structure coincides with the frequency of the external excitation, resonance occurs, resulting in excessive deformation or even failure of the mechanical or structural. The goal of modal analysis is to identify the natural frequency of the system. In the field of space, there are strict requirements of the design performance indicators for base frequency of the closed solar wings [9 13-14] .
MSC. Nastran provides three modes of modal eigenvalues, the tracking method, the transformation method and the Lanczos method respectively. The Lanczos method is the most effective one for calculating the several eigenvalues problem of very large sparse matrices.
Through the modal analysis, the first 6 order frequencies and vibration modes of the closed solar array and the comparison between them and experimental result are shown in table [3, 7, 15] . The vibration cloud images of the first two orders of the solar array are shown in figure 6 . In the rise stage of rocket, the solar array is fixed on the stars and turntables in a collapsible state. In the dynamic load condition that the input acceleration changes by frequency, we carry out three directional frequency response analysis by using the modal frequency response method in order to check the mechanical characteristics of solar array. The experimental results and simulation results of acceleration and resonance frequency are shown in table [8] . The comparison error and the position of maximum acceleration are shown in table [9] . Considering the specific conditions, only the acceleration response within 100 Hz is concerned. The maximum acceleration response curves of simulation and experiment in three directions are shown in figure 7 -figure 9. As shown in figure 7 , in the simulation results of x direction, the maximum acceleration is 20.52g when the resonant frequency is 42.22 Hz. In the experiment results relatively, the maximum acceleration is 19.36g when the resonance frequency is 40.26 Hz. Comparing the simulation results with experiment results, the error of maximum acceleration is 5.99% and the error of resonance frequency is 4.87%. As shown in figure 8 , in the simulation results of y direction, the maximum acceleration is 12.25g when the resonant frequency is 55.85 Hz. In the experiment results relatively, the maximum acceleration is 11.83g when the resonance frequency is 54.22 Hz. Comparing the simulation results with experiment results, the error of maximum acceleration is 3.55% and the error of resonance frequency is 3.01%. As shown in figure 9 , in the simulation results of z direction, the maximum acceleration is 16.03g when the resonant frequency is 77.56 Hz. In the experiment results relatively, the maximum acceleration is 15.27g when the resonance frequency is 74.14 Hz. Comparing the simulation results with experiment results, the error of maximum acceleration is 4.98% and the error of resonance frequency is 4.61%.
Through the comparison of the results of the maximum acceleration simulation and the experiment in X, Y and Y directions, the resonant frequency and the maximum acceleration error are small, and simulation and experimental data fit well.
V. CONCLUSION
This paper takes the solar array of a certain type of satellite as the research object, for its dynamic response analysis, we build an accurate finite element model of solar array through the detailed modeling of the laminated aluminum honeycomb structure and the carbon fiber composite panel by using the sandwich theory. Through modal analysis and frequency response analysis, the dynamic response characteristics of single wing of solar array are compared study [11] . The conclusions are as follows.
1) The simulation results are in good agreement with the experimental results. The method of extracting the equivalent parameters of aluminum honeycomb is accurate and feasible.
2) Base frequency of the whole machine is 42.12Hz, compared with the experimental data, error is 2.08%.
3) The maximum acceleration response in x direction is 20.52g, and the error is 5.99% compared with the experimental data;
4) The maximum acceleration response in y direction is 12.25g, and the error is 3.55% compared with the experimental data;
5) The maximum acceleration response in z direction is 16.03g, and the error is 4.98% compared with the experimental data.
The simulation results are in good agreement with the experimental results, which shows the accuracy of the finite element model and the feasibility of equivalent parameters. It lays a good foundation for the subsequent structural design and optimization.
